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HIGH-SPEED WIND-TONNEL INVESTIGATION OF A FLYING--J30AT 
HULL WITH HIGH LENGTH--J3EAM RATIO 
By John M. Riebe and Rodger L. Naeseth 
SUMMARY 
An investigation was made in the Langley 7- by 10-foot high-speed 
tunnel to determine the effect of Mach number on the aerodynamic charac-
teristics of a flying-boat hull with high length-beam ratio. For com-
parison, tests were made on a s t reamline body simulating the fuselage of 
a modern transport airplane. 
The hull, made by ext ending the afterbody and fairing the nose of 
Langley tank model 214, had a minimum drag coefficient of 0.0060 at 
0.4 Mach number including the interference of the thin sweptback support 
wing; the minimum drag coefficient of the streamline body was 0.0030. 
Increasing Mach number resulted in drag coefficient increases for both 
hull and fuselage at all angles of attack investigatedj the rate of 
increase became smaller as the body was made more refined. At 00 angle 
of attack the drag coefficients were 0.0023, 0.0021, 0.0017, and 0.0008 
larger at 0.8 Mach number than at 0.4 Mach number for the hull, hull 
with step fairing, hull with rounded bottom, and streamline body, respec-
tively. Angles of attack for minimum drag in the positive range extended 
from 00 to about 40 for the hull and 00 to about 20 for the streamline 
body for all Mach numbers at which data were not limited to low angles 
of attack. 
Increasing Mach number resulted in a very slight decrease in longi-
tudinal stability for both hull and fuselage; directional stability was 
generally constant . 
INTRODUCTION 
Because of the re~uirements for increased range and speed in flying 
boats, an investigation of the aerodynamic characteristics of flying-
boat hulls as affected by hull dimensions and hull shape is being co~­
ducted at the Langley Memorial Aeronautical Laboratory. The results of 
several phases of this investigation are given in references 1 to 3, 
which present data up to a Mach number of 0.4. The contemplated design 
of high-speed seaplanes has resulted in an extension of the in7estigation 
to high subsonic Mach numbers. 
RESTRICTED 
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The present investigation was made to determine the high-speed 
characteristics of a flying-boat hull with high length-beam ratio, the 
lines of which were derived from considerations of the data given in 
references 1 and 2. Additional tests were mad8 with the hull step 
faired and bottom rounded. For comparing the drag and stability, an 
investigation was also made of a streamline body simulating the fuselage 
of a modern transport airplane. Throughout the present paper, the hull 
and fuselage characteristics were derived by subtraction of wing-alone 
data from wing-plus-hull or -fuselage data. 
COEFFICIENTS AND SYMBOLS 
The results of the tests are presented as standard NACA coefficients 
of forces and moments. Rolling-, yawing-, and pitchlng~oment coeffi-
cients are given about the location (30-percent wing root chord) shown 
In figures 1 and 2. 
In order to afford direct comparison with low-speed data the wing 
area, lnean aerodynamic chord, and span, used in determining the coeffi-
cients and Reynolds numbers, are based on the hypothetical flying boat 
given in reference 1. Although these values may vary considerably from 
those of high-speed flying boats, it is believed that their use is 
Justified for comparative purposes. 
The hull and fuselage coefficients were derived by subtraction of 
wing-alone data from Wing-pIus-hull or -fuselage data. The wing-alone 
data were determined by including in the tests that part of the wing 
which is enclosed in the hull. The hull or fuselage coefficients there-
fore include the wing interference resulting from the interaction of the 
velocity fields of the wing and hull and also the negative wing inter-
ference caused by shielding from the air strerun t hat part of the wing 
enclosed within the hull or fuselage. 
The data are referred to the stability axes, .which are a system of 
axes having their origin at the center of moments shown in figures 1 and 2 
and in which the Z-axis is in the plane of symmetry and perpendicular to 
the relative wind, the X-axis is in the plane of symmetry and perpen-
dicular to the Z-axis, and the Y-axis is perpendicular to the plane of 
symmetry. The positive directions of the stability axes are shown in 
figure 3. 
The coefficients and symbols are defined as follows: 
CL lift coefficient ( L~~t) 
(
Drag\ CD drag coefficient -qs-) 
NACA RM No. L 7K28 
Cy lateral-force coefficient (~s) 
CI rolling~oment coefficient (q~b) 
Cm pitching~oment coefficient (q:c) 
Cn yawing-moment coe:f:ficient (q~b) 
Lift = -Z 
Drag = -X when 'If = 0 
X force along X-axis, pounds 
Y force along Y-axis, pounds 
Z force along z-axis, pounds 
L rolling moment, foot-pounds 
M pitching moment, foot-pounds 
N yawing m~~ent, foot-pounds 
q fres-stream dynamic pressure, pounds per square foot (PV22) 
s wing area of 1 -- - scale 
40. 6 
model of hypothetical flying boat 
(1.110 sq ft) 
.-
c wing mean aerodJ~ic chord (M.A.C.) of _1_ - scale model of a 
40.6 
hypothetical flying boat (0.340 ft) 
b 1 wing span of --- scale model of hypotheti~al fly ing boat 
40 .6 
(3.445 ft) 
V airspeed, feet per second 
p ~ss density of air, slugs per cubic foot 
3 
a angle of attack of hull base line or fuselage center line, degrees 
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'ir angle of yaw, degrees 
R Reynolds number, based on wing mean aerodynamic chord of hypo-
1 thetical wing of ~ - scale model of hypothetical flying 
boat 
M Mach number ( 
Airspeed ) 
Speed of sound in air 
rate of change of pitching-moment coefficient with angle of 
attack (~~m~ 
rate of change of yawing-moment coefficient with angle of 
yaw (~~n) 
rate of change of lateral-force coefficient with angle of 
yaw (~~I) 
MODEL AND APPARATUS 
The hull model had the same lines as hull 214, which had a length-
beam ratio 12 (reference 1), except that the sternpost was extended to 
the aft perpendicular, resulting in an over-all length-beam ratio of 15, 
and the bow chines were rounded 7 percent of the hull length. Dimensions 
of the hull model are presented in figure 1 and offsets, in table I. 
The general proportions of the step fairing which extended for a 
distance equal to nine times the depth of step at the keel are shown in 
figure 4. The fairing was similar to that in reference 1. For one of 
the tests the hull bottom was rounded over the entire length of the hull 
as shown in figure 5. 
The streamline body which had a fineness ratio of 9.0 represents 
t he fuselage of a typical high-speed landplane. Dimensions of the 
fuselage are given in figure 2 and table II. 
The hull was constructed of bismuth and tin alloy built around an 
aluminum reinforcement beam. The step fairing and rounded bottom which 
was int erchanged with the convent ional hull bottom were of mahogany. The 
fuselage was aluminum. The models were attached to a steel support wing 
whi ch was mounted horizontally in the tunnel on stings as shown in 
figure 6. The support wing which was not a scale model of the hypo-
thetical wing used in de t ermining t he coefficients had 400 of sweepback 
and an NACA 63-010 airfoil sect ion perpendicular to wing leading edge. 
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The support wing was set at an incidence of 00 with respect to the 
hull base line and fuselage center line because of structural considera-
tions. The wing was located vertically so that the average angle of the 
intersections of upper and lower wing surface with the hull in the 
YZ-plane was the same as the average wing intersection angle on the 
fuselage. It is believed that this procedure reduces to a minimum the 
difference between that part of the wing interference drag on the hull 
and fuselage caused by adjoining surfaces. 
The longitudinal position of the wing was determined from considera-
tions of step location with respect to position of center of gravity on 
flying boats. 
The volumes, surface areas, and maximum cross-sectional areas of 
the hull with the various refinements and of the streamline fuselage are 
given in table III. 
TESTS 
Test Conditions 
The tests Were made in the Langley high-speed 7- by 10-foot tunnel 
through the Mach number range fram 0.4 to 0.85. The variation of test 
Reynolds number with Mach number for average test conditions is pre-
sented in figure 7. The Reynolds number was based on the mean aerody-
namic chord of the hypothetical wing (0.340 ft) and was computed using a 
turbulence factor of unity. The degree of turbulence of the tunnel j8 
not known but is believed to be small because of the high contraction 
ratio of the tunnel. 
Corrections 
The hull and fuselage drag coefficients have been corrected for 
buoyancy effects produced by the small longitudinal static-pressure 
gradient in the tunnel. Blocking corrections have been applied to all 
coefficients and Mach numbers. Angles of attack and moment data have 
been corrected for structural deflections caused by aerodynamic forces. 
Test Procedure 
The aerodynamic characteristics of the hull and fuselage with the 
interference of the swept support wing were determined by testing the 
wlng alone and the wing and hull or wing and fuselage combination under 
approximately similar conditions. The hull or fuselage aerodynamic coef-
ficients were then determined by subtraction, at given Mach numbers and 
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angles of attack~ of wing-alone coefficients from ' the coefficients of 
the complete configuration after the data were cross-plotted in order to 
c8mpensate for differences in Mach number and angle of attack resulting 
from structural deflections. 
The surfaces of the hull~ fuselage~ and wing were smooth~ and 
therefore transition was free~ for all but one test. 
RESULTS AND DISCUSSION 
The data of figure 8 are t,ypical of the final cross plots from 
which hull- or fuselage-plus-wing interference data were obtained. The 
support wing-alone drag coefficient remained constant for the range of 
Mach numbers tested. 
The variations with Mach number of the hull and fuselage aerody-
namic characteristics at angles of attack ranging from -2.00 to 7.250 
are presented in figure 9; the variations with angle of attack at Mach 
numbers of 0.40 and 0.65 are shown in figure 10. Figure 11 presents 
hull and fuselage lateral aerodynamic characteristics at 00 and 40 angles 
of yaw. As shown in figure 10 ~ tl1e angles of attack for minimum drag in 
the positive range extended from 00 to about 40 for the hull and 00 to 
about 20 for the streamline body at Mach numbers for which data were not 
limited to low angles of attack because of structural limitations of the 
support wing. The angle-of-attack range for minimum drag for a 
comparative hull of reference 1 was from 30 to 50. The difference is 
attributed mainly to the different wing incidence, 00 in the present 
paper and 40 in reference 1. A rapid increase in drag occurred after 
about 60 at Mach number of 0.4. 
Transition was free for wing and fuselage for all but one test. A 
comparison (fig. 9(b)) of hull drag coefficient at 00 angle of attack 
with that of a test run where hull transition was fixed artificially by 
a strip of carborundum particle's t, inch wide located approximately 
5 percent of the hull length aft of the bow showed very little or no 
difference throughout the Mach number range tested. 
Increasing Mach number resulted in drag coefficient increases for 
both hull and fuselage at all angles of attack investigated. However, 
as shown in figure 9(b), the rate of increase with Mach number became 
smaller as the body was made more refined. The drag coefficients 
at ~ = 00 were 0.0023, 0.0021~ 0.0017, and 0.0008 larger at 0.8 Mach 
number than at 0.4 Mach number for the hull, hull plus step fairing, 
hull with rounded bottom, and streamline body, respectively. These data 
indicate that a flying-boat hull of the type tested can be flown to a 
Mach number of 0.825 without any sharp drag rise resulting from critical 
shock conditions. However, because the geometric discontinuities and 
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flotation requirements that handicap the flying-boat hull with regard to 
aerodynamic performance at low speeds penalize it even more severely at 
high subsonic speeds, it is especially important that high-speed sea-
planes incorporate new types of hulls or conventional hulls wi th a 
maximum of aerodynamic refinement. 
At Mach numbers of approximately 0.4 the hull mlnlillum drag coeffi-
cients agreed closely with that of hull model 214 given in reference 1; 
the hull minimum drag coefficient as given in the reference was 0.0059, 
whereas 0.0060 was obtained for the hull in the present investigation. 
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The difference in Reynolds number, 3.4 X 106 for the data of reference 1 
and 0.9 X 106 for the present investigation, could account for the 
slight increase in drag coefficient according to data presented in refer-
ence 1. The close agreement between the two values indicates that the 
differences in support wing and hull geometry (oow-chine fairing, stern-
post location, and wing location) tended to compensate each other with 
regard to hull drag coefficient. This might be expected; the difference 
in sternpost location had little or no effect while a decrease in drag 
resulting from faired bow chines (reference 2) and a better wing location 
(reference 4) are offset by an increase in drag coefficient caused by the 
use of a 10-percent-chord-thick support wing instead of the 21-percent-
thick wing of reference 1. The difference in hull drag coefficient 
resulting from different support wings should always be noted when 
comparisons are made with other hull-plus-wing interference data or 
hull-alone data. Subtraction of wing-alone data from wing-plus-hull 
data, as described under "Test Procedure," results in a lower drag 
coefficient than for hull tested alone because of the negative interference 
drag corresponding to that part of the wing enclosed by the hull and 
shielded from the air stream. If this favorable interference effect is 
not kept in mind when comparing with other data, the drag coefficients 
obtained by this method may seem abnormally low. (See reference 4.) 
As in references 1 and 2, at angles of attack for minimum drag, 
fairing the step for a distance nine times the depth of step at the keel, 
as ShOWll in figure 4, resulted in about a 0.0008 reduction in drag coef-
ficient at about M = 0.4. Rounding the hull bottom completely to the 
shape ShOW11 in figure 5, gave a 0.0020 minimum drag coefficient reduc-
tion at 00 angle of attack; a similar alteration in reference 2 gave a 
reduction of 0.0019. 
The minimum drag coefficient for the streamline body was 0.0030 at 
a Mach number of 0.4. The value obtained in reference 2 for a similar 
body was 0.0040. The smaller value can probably be attributed to a more 
favorable location of the support wing. The support wing of reference 2 
protruded considerably out of the top of the fuselage; whereas the present 
support wing was located more towards the center of the body (fig. 2). 
The present wing, although thinner, has therefore a larger part shielded 
from the air s tream which results in a large negative wing-interference 
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effect. Reference 4 also indicates that the present wing location pro-
duced a lower interference drag resulting from wing-fuselage juncture. 
Allowing for the difference in center-of-moment position, the longi-
tudinal stability as given by Cmu compared favorably with the values 
given in reference 1 for the hull and in reference 2 for the fuselage. 
The values of Cmu were 0.0036 and 0.0033 at 0.4 Mach number for the 
hull and fuselage, respectively. Increasing Mach number to 0 . 65 increased 
the value of Cmu to 0.0042 for the hull and 0.0036 for the fuselage. 
These changes are small, however, and correspond to an aerodynamic center 
shift of about l-percent mean aerodynamic chord forward on a flying boat . 
The directional stability at low Mach numbers (fig. 11) as deter-
mined by Cuw was similar to that of previous tests on the hull and 
fuselage, as given in references 1 and 2, respectively. The value of Cnw 
was 0.0010 for the hull and 0.0005 for the fuselage. Increasing Mach 
number increased the directional instability slight ly for the hull; that 
is, t he value of Cn~ was increased to 0.0012. Increasing Mach number 
had only a slight effect on the directional instability for the fuselage. 
The value of Oy"1jJ was 0.006 for t he hull and 0 .001 for the fuselage; 
t hese values were in good agreement with previous tests at low Mach 
num~ers and had little or no variation with Mach number. 
For convenience the stability parameters and minimum drag coeffi-
cient s are listed in table IV. 
CONCLUSIONS 
The results of tests in the Langley 7- by 10-foot high-speed tunnel 
to determine the effect of Mach number on the aerodynamic characteristics 
of a flying- boat hull with high length-beam ratio and testing of a 
streamline body for comparison with the flying- boat hull indicate the 
following conclusions: 
1. In~reasing Mach number resulted in drag coefficient increases 
for both hull and fuselage at all angles of attack investigated; the rate 
of increase became smaller as the body was made more refined. At 00 angle 
of attack the drag coefficients were 0.0023, 0 .0021, 0.0017, and 0 . 0008 
larger at 0.8 Mach number than at 0.4 Mach number for the hull, hull with 
step fairing, hull with rounded bottom, and streamline body, respectively . 
2. Angles of attack for "minimum drag in the positive range extended 
from 00 to about 40 for the hull and 00 to about 20 for the streamline 
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OOQy for all Mach numbers at which Qata were not limiteQ to low angles 
of attack . 
9 
3. Increasing Mach number resulteQ in a very slight Qecrease in 
longitudinal sta~ility for ooth hull and fuaelage; directional sta~ility 
was generally constant. 
Langley Memorial Aer onautical Laboratory 
National AQvisory Committee for Aeronautics 
Langley FielQ, Va . 
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TABLE 1.- OFJ'SETS FOR LMGLEY TAR)( MODEL 214 MODInED WlTH KXTENDXIl AJ'l'Jl!BODY AND ROUNDXIl BOIl CIIIIiES 
[All d1JrlensiOllB are 1n inche lS] 
Dis tance Keel ClUn. Hal.!' Radiu.a !!eight Line or Angl. ot ror.body bot t CD, he ight. aboT. ~ 
Statton to aboT. aboT. b ..... and ba11' at hull c e ntere chine 
F . P . 
.It 
" 
at ... x1.aua a~ <i. abol'e flAre Butt Butt Butt But t Butt Butt Butt Butt Butt chine b ..... ~ (a.. g) 0.10 0.20 0. 31 0. 41 0.51 0 . 61 0. 71 0.81' 0.92 
F.P. 0 2. 50 -- -.- -- - - - 0 2. 74 --- - --- --- - - - --
1/2 . 58 1.35 -.--- --- - - .47 3· 52 3.05 -- ---.-- 1. 55 1.76 1.89 1.93 
1 1.15 .93 --- - - - - -. - . 62 3.87 3·25 .--- -- - - 1.08 1. 2~ 1.40 1.50 1.54 1 . 53 
2 2·30 .45 1 .01 0.79 .19 1< .28 3.49 10 . 51 .68 .80 .89 .9'1 1.01 1.02 
3 3. 46 . 20 .69 .88 .88 1<.54 3. 66 10 ,.28 · 31 . 45 . 54 . 61 . 61 .69 0.70 
I, " . 61 .07 .109 .94 .91! 10 . 71 3· n 10 . 13 .20 .21 ·33 . 40 . 45 . 49 · 51 0 · 50 
5 5 . 16 .01 · 37 . 98 .98 10 .83 3.85 10 .06 . il .11 . 21 . 27 ·31 · 35 ·31 . 38 
6 6.91 0 ·31 1.00 1.00 10.90 3·90 5 .010 .08 .12 .16 . 20 .24 . 27 · 30 . 31 
7 8.07 0 .29 1.00 1.00 10.92 3·92 0 .010 .07 . il .15 . 19 . 22 .25 .27 .29 
8 9 .22 0 .29 1.00 1.00 10.93 3·92 0 .010 .07 . il .15 . 19 . 22 .25 .27 .29 
9 10·37 0 .29 1.00 1.00 10 . 93 3.92 0 .010 . 07 . il . 15 . 19 .22 .25 .27 .29 
10 il.52 0 . 29 1.00 1 .00 10 .93 3·92 0 .010 .07 .il .15 .19 .22 .25 .27 . 29 
il 12.67 0 .29 1.00 1.00 10 . 93 3·92 0 .010 .07 . il .15 .19 . 22 .25 . 27 . 29 
l2F 13 .84 0 .29 1.00 1 .00 10 . 93 3·92 0 .010 .07 . il .15 . 19 .22 .25 .21 .29 
l2A 13.84 . 29 .65 1.00 1.00 ". 93 3·92 
13 14.98 •• 6 .82 1.00 1.00 4 . 93 3· 93 Retciivs cf half Jne1xlum },_al7/ 
14 16. 13 . 63 . 99 .99 .99 10.93 3.94 
Hel<Jhf of hI/II 
15 17 .28 .80 1.15 .9'1 .9'1 10.93 3·96 Sf~,W JS:~ ~+~ 16 18.43 .97 1 . 31 .94 .91! ".93 3·99 17 19.58 1 . 14 1 . 106 .89 . 89 ". 93 4.02 
18 20.74 1 . 31 1. 62 .84 . 81, 10 .93 4.09 line-Z- 1 . 
19 21 .89 1..8 1.76 .78 .78 10 "3 10.15 ':t Anq/e of I;) 
20 23.04 1.65 1.91 .71 .71 ".93 4.22 cht'ne {,tq,., l J I 
24.19 1 .82 2.05 .62 .62 10 . 93 4· 30 ~~c. 21 Sf1~ /il?~ 22 25 · 35 1 .99 2. 19 ·53 . 53 ".93 4 . 39 of cenf~r.s 
23 26.50 2.16 2·32 .43 •103 10 . 93 4 . 50 
kulahove ~ tt. Half bee"., ~ 24 27 . 65 2·33 2.45 ·32 . 32 4. 93 4.60 of chinrz 
25 28.80 2 . 50 2 . 58 .21 .21 " .93 4. 72 Forebody Afferbody 
26 29.95 2. 67 2.70 .08 .08 " . 93 4 .84 ~ A. P . 30.00 2 . 69 2.71 .08 .08 10.93 4. 85 
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TABLE 11.- ORDINATES FOR STREAMLINE BODY 
[All dimensions are given in inches] 
Station Radius Station Radius 
0 0 12.180 1.661 
.041 .105 13.068 1.651 
.135 .215 13.919 1.645 
.270 .324 14.902 1.629 
.540 .484 15.959 1.603 
.865 .631 17.013 1.569 
1.297 .787 17.914 1.533 
2.026 .990 18.596 1.500 
2.161 1.022 19.582 1.446 
2.769 1.152 20.464 1.389 
3.620 1.298 
4.474 1.408 
21.538 1.3°8 
22.436 1.229 
5.275 1.484 23.327 1.141 
6.045 1.539 24.219 1.040 
6.787 1.578 25.110 .927 
7.564 I 1.608 8.466 1. 632 
9.462 1.649 
26.002 .799 
26.870 . 660 
27.717 .507 I 
10.299 1. 657 28.589 
-331 
11.204 1.661 29·352 .160 
11.576 1.661 30•000 0 
i 
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TABLE 11J.- VOLUMES, SURFACE AREAS, AND MAXIMUM CROSS-SECTIONAL AREAS 
OF LANGLEY TANK MODEL 214 MODIFIED WITH EXTENDED ~ERBODY 
AND FAIRED NOSE AND OF STREAMLINE F1JSELAGE 
I Volume Surface area 
Maximum crOS8-
Coni':1guration (cu in.) (sq in.) sectional area (sq in.) 
I 
Hull l77 282 9.l6 
Hull, step 178 284 9.16 
faired 
Hull, bottom l72 281 9.00 
rounded 
Streamline 172 238 8.65 
. 
fuselage 
TABLE IV.- DRAG COEFFICIENTS AND STABILITY PARAMEI'ERS OF LANGLEY TANK 
MODEL 214 MODIFIED WITH EXTENDED AFTERBODY AND FAIRED 
NOSE AND OF STREAMLINE FUSELAGE 
--- --
Cnmin ~ ~n for a. ::; 00 (:£y for a. = 00 
- -
C onf igura t i on (Xx, ")jr O)jr 
M = 0.40 M = 0.80 M ::; 0.40 M = 0.65 M = 0.40 M = 0.80 M ::; 0.40 M = 0.80 
Hull 0.0060 0.0080 0.0036 0.0042 0.0010 0.0012 0.006 0.006 
Hull, step .0050 .• 0062 .0036 .0042 
fa ired 
Hull, bottom. a.0040 a. 0056 
rounded 
Streamline .0030 .0035 .0033 .0036 .0005 .0005 .001 .001 
fuselage 
a 0 At a. = 0 . ~ 
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